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The arteriovenous anastomoses (AVA) of the skin are specialized vascular
structures which shunt the blood directly from arterioles to venules parallel to
the capillaries. An AVA together with related vessels and nerves constitutes a
unit called a "glomus" (1, 2). The AVA are most abundant in the pads and nail-
beds of the fingers and toes but also occur in the palms and soles, ears, nose,
eyelids, lips, cheeks and forehead (3).
The AVA apparently constrict and dilate under nervous control and the re-
sulting great changes in blood flow through the skin are related to the tempera-
ture regulation of the body (4, 5, 6). During exposure to cold the AVA may
cyclicly constrict and dilate (Lewis' "hunting reaction") which presumably
helps preserve the viability of the surface tissues (6).
Pathological alterations of the glomi have been described in arteriosclerosis,
diabetic gangrene and thromboangiitis obliterans (2). The glomi can also develop
painful tumors in the digits (1). In animal experiments new AVA were found to
develop from arterioles in response to injury (7).
Of particular interest is the structure of the AVA wall. Popoff (2) found no
internal or external elastic tunics and no true separation of longitudinal and
circular muscle layers. Amidst the true muscle cells are large epithelioid-like
cells which, after following them in serial sections, Popoff concluded were prob-
ably transversely cut muscle cells with voluminous cytoplasm and slightly
elongated polyhedral nuclei. Schumacher (8) reported these cells gave no reaction
for glycogen, fat or mucin in birds. That the cells of the AVA media are contrac-
tile muscle cells is supported by Grant's (9) observations on the AVA in the
rabbit's ear. He found constriction to begin at the venous end and to spread
backwards to the arterial end of the AVA; also the AVA caliber was often inde-
pendent of the size of the arteriole. Thus the dilatation and constriction of the
AVA in the rabbit is apparently independent of arteriolar pressure and therefore
due to its own contractile elements.
Because of the peculiar nature of the AVA wall and because of the importance
of the AVA channels in temperature regulation, it seemed it would be of value to
re-examine the general morphology and histological details.
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EXPERIMENTAL
A. Injection technics
Two extremities, one upper and one lower from patients 48 and 58 years of
age, respectively, amputated because of neoplastic processes in their proximal
segments, were used in the preparation of the gross specimens. The portions of
the limb used were free from metastasis and normal in every other respect. After
amputation the extremities were placed in the mortuary refrigerator (2—3° C).
Within 48 hours they were removed and perfused with warm tap water from the
arterial side for 8 to 12 hours. Higgins' India ink diluted 1:3 with tap water was
then injected until filling of the vessels and venous return of the injection media
was noted. The limbs were then dehydrated in alcohols (70%, 80 %, 95 % and
absolute). Blocks of volar pads and nailbeds of several fingers and toes were re-
moved and thick (50—100 micra) serial sections made, stained with 1 % hema-
toxylin or light green, cleared and mounted in balsam. Several of these sections
were left unstained and mounted in glycerine. These were examined under
stereoscopic and conventional microscopy.
B. Histologic and histochemical methods
All skin specimens studied were taken from the volar pads of the great toes.
Six mm. punch biopsies were secured from this area of 15 normal, adult, white
male volunteers (21 to 26 years of age) after block anesthesia of the digit with 1 %
procaine. In addition, 52 specimens of volar great toe were obtained at autopsy
and were placed in the deep freeze (—1 to —2° C) until ready for use. These
cases ranged in age from 48 to 58 years of age and had been placed in a mortuary
refrigerator within 90 minutes post mortem. No significant degenerative or other
vascular changes of the peripheral vessels were noted.
The frozen unfixed tissue was cut at 10 to 12 micra according to a modified
Adamstone-Taylor technic (10) and placed on a clean glass slide; when the tissue
thawed, the slide was put into the desired fixative or substrated.
The following stains and histochemical methods were employed:
1. Hematoxylin and eosin stain. Sections of frozen as well as formalin-fixed
paraffin embedded tissue.
2. Mallory Connective Tissue. Krichevsky modification (1) after fixation in
Zenker's solution.
3. Toluidine Blue for metachromasia. Frozen unfixed sections were placed for
30 minutes directly into a 0.5 % toluidine blue solution in 5 % alcohol, buffered to
pH 5.0 (acetate buffer) and examined under daylight and ordinary yellow
tungsten light.
4. Fat stain. Frozen unfixed sections were placed directly into a saturated
solution of Sudan IV in 80 % alcohol or of Sudan Black B in 70 % alcohol.
5. Feulgen stain for desoxyribonucleoproteins. Frozen sections were fixed in
Zenker's solution and processed according to the Feulgen method.
6. Periodic Acid Schiff stain for mucopolysaccharides. Frozen sections were
fixed alternately in Rossman's or Helly's fixative and hydrolyzed in periodic
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acid for 5 or 10 minutes according to the technic of MeManus (12). Some alter-
nate control sections were incubated prior to hydrolysis for one hour at 37° C
either in 1 % malt diastase buffered to pH 6.8 or in the buffer solution without
the addition of malt diastase.
7. Sulfhydryl stain for protein-bound sulfhydryl groups. Frozen sections were
either fixed in 1 % trichloracetic acid in 80 % ethyl alcohol or were allowed to
remain unfixed in air for one minute. The sections were then processed according
to the method of Barnett and Seligman (13).
8. Acid Phosphatase. (a) Gomori's technic: Frozen sections were fixed for
30 seconds in cold acetone and then placed in glycerol-phosphate substrate
(pH 4.7) previously heated to 37° C according to the technic of Gomori (14).
Two control solutions were similarly prepared with final pH of 5.0, omitting the
glycerophosphate from one and adding sodium fluoride (0.001 M—0.05 M final
concentration) to the other. Sections were incubated at 37° C for 1, 2, or 4 hours.
(b) Burton's technic: Frozen sections, fixed for 30 seconds in cold acetone,
were placed in a substrate of sodium acid naphthylphosphate and tetrazotized
diorthoanisidine buffered by acetate to pH 5.8 and processed according to
Burton (15). A control solution containing sodium fluoride was also used. Sec-
tions were incubated for 30, 60, or 90 minutes.
(c) Rutenburg's technic (16): Frozen unfixed sections were immersed in hyper-
tonic saline, then placed in a hypertonic substrate containing sodium 6-benzoyl
2-naphthylphosphate in acetate buffer (pH 5.0). Control substrate containing
sodium fluoride was also used. Sections were incubated as for (a) at 25° C, then
washed in saline and transferred to alkaline tetrazotized diorthoanisidine, washed
in sodium chloride and then water, and mounted in glycerol or karo solution.
9. Alkaline phosphatase. Frozen sections were fixed for 30 seconds in cold
acetone and then immersed in the glycerophosphate substrates at 37° C at pH
9.4 for 1, 2, or 4 hours, according to the technic of Gomori (17). Controls were
similar to those employed in the acid phosphatase technic except to the use of
alkaline (pH 9.4) solutions.
10. Cholinesterase stain for specific and non-specific cholinesterase. The
method of Koelle (18) using fresh frozen sections was employed. Acetyl and
butyrylthiocholine were used as substrates, and, to inhibit selectively the non-
specific cholinesterase of appropriate sections, diisopropylfluorophosphate
(10-10 M) was employed.
RESULTS
1. General Morphology
A diagrammatic representation of the principal vessels in a glomus, based on
the literature and personal observations, is shown in Figure 1. A photomicro-
graph of a thick section through an injected specimen is given in Figure 2. From
an ascending arteriole a lateral branch, the efferent arteriole, proceeds for 30 to
40 micra, sprouts some small arterioles which supply the glomus and continues
as one to four tortuous vessels, the anastomoses proper. These empty into a
reservoir-like primary collecting venule which tends to arch over and encircle
FIG. 1. Schematic drawing of main vessels in a digital glomus
Fm. 2. Photomicrograph of thick section of injected dermal vessels counterstained with
hematoxylin. At top, capillary loops of papillae and subpapillary plexus. Lower center,
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FIG. 3. Photomicrograph showing some of the vascular elements in a glomus in trans-
verse section. A = AVA; B = Venules. No arteriole in this section. Dark ring at bottom
center is an eccrine sweat duct. (H. & E. stain, X 222).
the AVA before emptying into a subpapillary vein. There were about 20 to 25
of these ball-like (Fig. 2) configurations per square centimeter in the finger pad
(2) located about 1 to 1.5 mm below the skin surface. Grant and Bland (19)
reported a greater density of anastomoses but Popoff (2) apparently considers
they may have included preglomic arterioles. It is also possible that Grant and
Bland counted each branch of an AVA as a separate anastomosis. The reported
(20) tortuosity of the AVA in the digital pads compared with the AVA in the
nailbeds was not confirmed by observation. No important differences were ob-
served between the glomi or AVA of the fingers and those of the toes.
2. Histology
Microscopically an AVA can be easily differentiated from other vessels by its
thick wall surrounding a barely perceptible lumen (Fig. 3, A). By comparison a
collecting venule is thin walled with a large lumen (Fig. 3, B). (In Popoff's sec-
tions the venular lumen was slit-like due to collapse of the venule (2)). The wall
is surrounded by a zone of loose collagenous reticulum (Fig. 4) in the meshes
of which course the many nerve fibers supplying the vessel (Fig. 9). It has been
suggested that this reticulum might serve as an expansion zone for the dilating
AVA (2). The tortuosity of an AVA often causes several cuts of the same vessel
to appear in a single microscopic field.
138 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 4. Photomicrograph of AVA in Fig. 3. Under higher (X 475) magnification. Narrow
lumen (arrow), endothelium with two nuclei, subendothelium devoid of elastic tumic,
media densely packed with nuclei, and surrounding loose collagenous reticulum (A).
The thick wall (20 to 40 micra) of the AVA has a distinctive structure (Fig. 4).
It consists of an endothelium, a subendothelial reticulum devoid of an internal
elastic membrane (except for a short segment after emergence from the arteriole),
and a media containing vasa vasorum. The media is densely packed with oblong
nuclei (about six deep between the subendothelium and outer reticulum) with
no obvious cellular demarcations. Myofibrils, if present (1), were not obviously
recognizable. Evidence of the kind shown in Figure 4 does not seem to justify
the descriptive term "epithelioid".
3. Histochemistry
The results obtained with the histochemical techniques are summarized in
Table 1. The only reaction found to be common to the AVA media, arteriolar
smooth muscle cells, and to epithelial cells of the epidermal Malpighian layer and
eccrine sweat ducts was the one for nucleic acid. The arteriolar smooth muscle was
negative to all of the other reactions tested. A reaction apparently peculiar to
the AVA media was the metachromatic staining in toluidine blue. The reaction
was a diffuse pink staining, with occasional deeper pink-red strand-like concen-
trations, between the nuclei of the media. Positive reactions peculiar to epithelial
cells of the epidermis and of the eccrine sweat ducts were for protein-bound
sulfhydryl, glycogen, and acid phosphatase.
r
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TABLE 1
Comparison of histochemical properties
• . fStaining or Smooth Musc]eAVA Smooth MuscleArteriole Epitheliurn Epidermisand Eccrine Ducts
Nucleic acids Present Present Present
Metachromasia Present Absent Absent
Protein-bound sulfhydryl Minimal to ab- Absent Present
sent
Alkaline phosphate Minimal to ab- Absent Absent
sent
Glycogen Absent Absent Present
Acid phosphatase Absent Absent Present
Lipids Absent Absent Absent
Cholinesterases
Specific Absent Absent Absent
Non-specific Absent Absent Absent
FIG. 5. Photomicrograph of AVA showing diastase-resistant positive reaction to peri-
odic acid Schiff stain in subendothelium (arrow) but not in media. (X 385).
The subendothelial connective tissue (but not the media) of both the AVA
(Figure 5) and arterioles showed Schiff positive staining which was diastase
resistant (thus the reacting material was not glycogen). This staining was less
pronounced and covered a narrower zone in the arterioles. While this reaction
appeared to be diffuse pink staining, deeper red fiber-like concentrations were
perceivable under higher magnification.
I
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FIG. 6. Photomicrograph showing reaction for protein-bound sulfhydryl. Faint to nega-
tive staining in AVA (A); heavy staining in epithelium of eccrine sweat ducts. (B) (X 240).
The protein-bound sulfhydryl reaction was faintly evident in the AVA media
(Fig. 6), but the reaction was much more intense in epithelial nuclei and cyto-
plasm of epidermis and of eccrine sweat ducts.
Marked staining for acid phosphatase was evident in the epithelium of epi-
dermis and eccrine ducts by all three techniques (Gomori and Rutenburg at 1
hour, Burton at hour). The AVA media, however, was negative even after
1 hours of incubation by the Burton technic (Fig. 7). After incubation
exceeding 3 to 4 hours, the Gomori method showed some nuclear staining and
the Rutenburg method some cytoplasmic staining in the outer portion of the
AVA media.
Alkaline phosphatase was indicated by dense black staining in the lumen of
all skin vessels. In the AVA the greatest concentration was in the nuclei of the
endothelial cells (Fig. 8). In the AVA media the nuclei stained weakly only
after long incubation.
Both specific and non-specific cholinesterase were absent in the wall of the
AVA. However, specific cholinesterase was detected in fiber-like concentrations
about the AVA (Fig. 9) and secretory tubules of the eccrine sweat glands. All of
the other cutaneous vessels examined as well as the ducts of the ecerine sweat
glands showed no such localization. There was no significant concentration of
•
 
FIG. 7. Photomicrograph showing reaction for acid phosphatase (method of Burton;
incubated for 90 minutes). No staining in AVA (I); heavy staining in eccrine sweat ducts
(II). (X 208).
FIG. 8. Photomicrograph showing reaction for alkaline phosphatase (method of Gomori;
incubated for 2 hours). Dark staining in AVA endothelium (A), only faint nuclear stain-
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Fio. 9. Photomierograph showing reaction for specific eholinesterase. Dark strands
around AVA are copper sulfide precipitated by the eholinesterase in nerve fibers. (X 240).
non-specific cholinesterase about the arteriovenous anastomoses, other cutaneous
vessels or sweat glands. Control sections for the detection of other esterases and
non-enzymatic staining were negative.
DISCU55ION
In addition to a general confirmation of the descriptions of the AVA and
glomus found in the literature, the results of this study have added a staining
reaction—the metachromasia with toluidine blue—which differentiates the AVA
media from arteriolar media. Popoff (2) had found no particular tinctorial
affinity on the part of the AVA but he had not tried toluidine blue. The further
significance of this metachromasia is speculative. At low pH's (3.0 to 5.0), it
may indicate the presence of acid sulfated esters, but the lack of appreciable
Schiff-reactive staining in the media in the face of metachromasia is unusual
and implies that the esters may not be associated with a carbohydrate (21). At
any rate, the muscle cells of the AVA are distinctive not only as to size and shape
but also probably as to chemical properties.
The differentiation of a special type of smooth muscle in the AVA may be
correlated with the absence of elastic tunics. Over-distention of the AVA by
the blood coming from the arteriole under high pressure is prevented possibly
by the turgor of the vascular muscle cells. On the other hand the absence of the
elastic tunics may make possible the complete closure observed by Grant (9).
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necessary elaborations for the control of blood flow and heat exchange in the
skin. It would seem that arteriolar control of the flow through the capillaries
should suffice. But the experiments of Grant and Bland (19) showed that in
areas devoid of AVA (forearm and dorsum of hand), alterations in capillary
flow had little effect on temperature as compared to the great changes in temper-
ature in the fingers where blood was controlled through the AVA.
It might then be though that the exchange of heat should occur principally
in the glomus, perhaps from the primary collecting venule (Fig. 1). This view
implies point sources of heat and consequent uneveness of temperature particu-
larly where the AVA are sparsely distributed. Grant (9) however, found that
in the rabbit's ear blood flows through the AVA under sufficient pressure to
reverse the flow through the capillaries. The blood, therefore, probably does not
tarry sufficiently long in the glomus for much heat exchange to take place. It
follows, then, that the AVA is a mechanism which when open floods the sub-
papillary and deeper veins. From here the heat exchange and resulting tempera-
ture change could proceed uniformly over a local area.
The problem of the nervous control of the AVA has been discussed elsewhere
(22). The localization of specific cholinesterase in heavy concentrations about
the AVA indicates that cholinergic fibers are included in its innervation. Auto-
nomic fibers to the AVA, apparently adrenergic, can be seen to extend over from
the adjacent arteriole and venule. It is probable, therefore, that the AVA of
human skin possess a dual autonomic innervation. This is in contrast to other
cutaneous vessels, which are believed to receive only adrenergic autonomic
nerves (4).
SUMMARY
The arteriovenous anastomoses in human digital skin were studied by means
of injection, histological and histochemical technics. The descriptions reported
in the literature were confirmed. In addition the AVA smooth muscle was found
to stain metachromatically in toluidine blue; this reaction was not shown by
arteriolar smooth muscle. A diastase-resistant Schiff positive staining was ob-
served in the AVA subendothelium and alkaline phosphatase in the lumen of all
vessels. Specific cholinesterase was found only in the loose collagenous reticulum
surrounding the AVA.
Epithelial cells showed positive staining for protein-bound sulfhydryl, glyco-
gen, and acid phosphatase. In the AVA the first was uncertainly present; glycogen,
and acid phosphatase were absent. It appears that the so-called "epithelioid"
cells of the AVA have no chemical affinities with true epithelium. Perhaps for
this reason the word "epithelioid" should be dropped even as a descriptive term,
and also because Popoff (2) found in serial sections that the so-called "epitheli-
oid" cells were actually cross sections of large vascular smooth muscle cells.
It is conjectured that because of the absence of elastic membranes, the AVA
can close completely. In the absence of the elastic membranes, however, over-
distention of the dilated AVA (which could impede subsequent constriction) is
probably prevented by the turgor of large vascular smooth muscle cells. Because
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of the rapidity of the blood flow, the glomi are not point sources of heat; instead,
they permit rapid flooding of the venous plexuses which provide a surface for
uniform heat diffusion and temperature change over a local area.
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DISCUSSION
Dn. HERMANN PINKUS (Monroe, Michigan): A good paper should not go
without discussion, but I have been racking my brain for the last few minutes
to find something to say. I was tremendously interested in this paper and liked
it very much. As a matter of fact the presentation was so nice and clear it leaves
little room for disagreement or addition. It may be pertinent to add a remark
about the embryonic development of the digital glomus, which was clarified
recently by Rotter and Wagner (Arch. fur Kreislaufforschg. 18: 68, 1952). Appar-
ently these structures develop quite late. They could be first identified in fetuses
of 16 cm length. A considerable increase of the number of nuclei outside the base-
ment membrane of vessels produces a thick vascular wall. At first the nuclei are
densely packed in a homogeneous syncytial cytoplasm. Later vacuoles develop
around the nuclei, become confluent, and seemingly isolate individual nuclei.
The syncytium, however, according to these authors persists for a much longer
time, and the typical epithelioid cells of the glomus do not develop until the fetus
reaches a length of 27—30 cm. The anastomoses are first embedded in mucoid con-
nective tissue. A real, partly nervous, capsule does not develop until after birth
according to the authors quoted.
DR. HARRY L. ARNOLD, Jn. (Honolulu, Hawaii): I want merely to ask the
presenter whether the one example he showed under very high power, which
illustrated such a nice zone with a couple of nuclei in it, at the intimal level, then
a rather loose zone with few nuclei, then the thick zone with multiple epithelioid
nuclei and the thin zone of loose areolar tissue outside of that, was the character-
istic feature of most of these structures, or just the accidental appearance of this
one?
DR. HARRY J. HIJRLEY (in closing): We are grateful for the interesting com-
ments of Drs. Pinkus and Arnold. As Dr. Pinkus pointed out, the digital AVA
do develop relatively late and are not present at birth.
The histologic "zones" of the AVA are rather definite and clearly marked. The
endothelium of the AVA is often arranged in 2—3 layers in contrast to the single
layer of endothelial cells of small arterioles and venules. A true internal elastic
lamina is absent throughout almost the entire length of the AVA. In addition to
a few true smooth muscle cells, the media of the AVA contains five to six layers
of the typical "epithelioid" cells which, as was mentioned, are its most distinctive
cellular element. Finally, the AVA is surrounded by a clear zone composed chiefly
of loose, reticular connective tissue in the meshes of which course the many nerve
fibers supplying this little vessel. It has been suggested that this peri-anastomotie
clear zone may represent an "expansion" zone for AVA undergoing dilatation.
